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Two rhesus monkeys were tested in6- and 10-item list memory tasks for performance changes
as a function of the exposure duration of the list stimuli and the interstimulus interval (ISI)be-
tweensuccessive list stimuli. Accuracy increased with longer itemexposure duration and tended
to decrease with longer ISI duration. Humans, by contrast, typically show increases in accuracy
with ISI, a result taken as evidence of rehearsal. The decrease in accuracy for monkeys suggests
that they were not using rehearsal processes in these list memory experiments. Further tests
in which choice accuracy withpredictable ISIs was compared with choice accuracy with unpredict-
able ISIs also yielded no evidence ofrehearsal by the monkeys. Thisapparent absence ofrehearsal
mechanisms in monkeys, in situations also shown to support human rehearsal, is discussed as
a potential difference in the visual working memory processes of the two species.

Humans regularly engage in rehearsal. Indeed it is
difficult to imagine a day going by without our rehears-
ing something, whether it be telephone numbers, ad-
dresses, shopping lists, or names of new acquaintances.
Although rehearsal often involves language, this appar-
ently is not a necessary requirement; rehearsal can occur
with pictorial stimuli in humans (Watkins, Peynircioglu,
& Brems, 1984). In this article, rehearsal will be consid-
ered as a subject-controlled, memory-based repetition of
to-be-remembered material (cf. Johnson, 1980; Watkins
& Peynircioglu, 1982). This relatively broad view of re-
hearsal includes both the overt and covert rehearsal of
either visual or verbal materials. When considered thus,
rehearsal does not depend on language, and this opens
up the possibility that other animals may also have
rehearsal-like processes. Procedures involving our human
capabilities for language and speech have been valuable
and frequently used in the study of rehearsal (see, e.g.,
Dark & Loftus, 1976; Rundus, 1971; Rundus & Atkin-
son, 1970; Modigliani & Hedges, 1987), but obviously
they cannot be used in examining this question in other
animals.

During the past decade, the interstimulus-interval (ISI)
or blank-time procedurehas been developed as a promis-
ingmeans of studying animal rehearsal. Rehearsal in hu-
mans is identified in this procedure through the increased
accuracy that is observed when the ISIs between the items
of a to-be-remembered list or sequence are lengthened.

For example, Intraub (1980) presented subjects with se-
quences of 16 pictures at different ISIs and then tested
item recognition. Subjects presented with pictures for
110 msec and no ISI performed at only 59% accuracy,
but as the ISI was lengthened to 385 msec, 620 msec,
1,390 msec, and finally 4,890 msec, performance in-
creasedto7l%, 78%, 91%, and92%, respectively.’ Per-
formance in the 4,890-msec ISI condition (viewing time,
110 msec) was as accurate as it was when each item was
visible for 5 sec. This increase in accuracy with longer
ISIs will be referred to as the IS! effect in the present
article.

The ISI effect is robust, and it has been repeatedly
demonstratedwith human subjects (Hines & Smith, 1977;
Intraub, 1980; Lichtenstein & Keren, 1979; Lutz &
Scheirer, 1974; Proctor, 1983; Tversky & Sherman,
1975; Weaver, 1974; Weaver & Stanny, 1978). As is ex-
pected ofa rehearsal mechanism, it is under the subject’s
voluntary control (Graefe & Watkins, 1980; Watkins &
Graefe, 1981), and it is disrupted if there is uncertainty
about the length of the ISI interval (Avons & Phillips,
1980; Phillips & Christie, 1977; Proctor, 1983; Shaffer
& Shiffrin, 1972). Furthermore, ISI effects occur with
both verbal and pictorial materials (Watkins et al., 1984).

Consequently, the ISI procedure is ideal for the inves-
tigation of rehearsal in animals. It is an objectiveproce-
dure, requiring only the ability to later recognizeserially
presented “lists” of to-be-remembered picture items, a
task that monkeys easily perform (see, e.g., Sands &
Wright, 1980a). Thus far, the ISI procedure has been used
in two experiments to investigate the question of whether
monkeys rehearse or not (Roberts & Kraemer, 1984;
Sands, Urcuioli, Wright, & Santiago, 1984).
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Roberts and Kraemer (1984) tested 3 squirrel monkeys
ina matching-to-sample task with 3-item lists of pictures.
They found that matching accuracy was reduced when list
itemswere separated by a 6-sec ISI, as opposed to a 0-sec
ISI. They concluded that nonhuman primates may notcon-
tinue to processpicture information in the absence of the
to-be-remembered picture.

Sands et al. (1984) tested 2 rhesus monkeys in a serial
probe recognition task (SPR) by using variable list lengths
of 2-10 list items and two ISIs (.08 and 1 sec). The adoles-
cent monkey (Felix) showed no increase in accuracy when
tested with the longer ISI, while the older, more expe-
rienced, monkey (Oscar) showed a 7% increase. Sands
et al. cautiously suggested that adult monkeys may be able
to engage in limited rehearsal, whereas younger animals
may not. Takentogether, however, these experiments sug-
gested that 4 of the 5 monkeys tested were not as readily
adept as humans in rehearsing visual list items in their
absence.

This conclusion contrasts sharply with most of the other
recent experimental results regarding list memory in mon-
keys, in which it has been found that the visual working
memory processes of humans and monkeys exhibit very
similarproperties, and by implication, similar mechanisms
(Herzog, Grant, & Roberts, 1977; Jitsumori, Wright, &
Shyan, 1989; Roberts & Kraemer, 1981, 1984; Sands &
Wright, 1980a, 1980b, 1982; Wright, Santiago, & Sands,
1984; Wright, Santiago, Sands, Kendrick, & Cook,
1985). If so, this absence of rehearsal-like processes in
monkeys portends an important qualitative difference in
the visual working memory processes ofthe two species.

As has frequently been pointed out in the history of
comparative psychology, however, an absenceof evidence
does not constitute unequivocal evidence of absence.
Thus, because of the mixed results of Sands et al. (1984)
and the limited range of conditions over which the effects
of ISI have previously been examined, any conclusion
about the absence of rehearsal processes in monkeys must
be provisional. Consequently, in order to increase our
confidence about this potentially important difference be-
tweenthe memory processes of monkeys and ofhumans,
we wanted to extend and clarify the equivocal results for
rhesus monkeys reported by Sands et al. (1984).

In the presentexperiments, we investigated list rehearsal
by using the ISI procedure with the 2 rhesus monkeys
tested by Sands et al. (1984). We had several objectives.
The first was to examine the time course of the ISI effect
in our monkeys more completely and precisely. The sec-
ond was to broaden the range and type of conditionsused
in testing for the presence of rehearsal-like processes in
monkeys; toward this end, we tested the monkeys with
6- and 10-item lists and with predictable and unpredict-
able ISIs. The third was to directly compare human and
monkey ISI performance in identical testing conditions.
We wanted to be sure that our testing procedures could
indeed produce the standard ISI effect in humans. Toward
this end, some of the tests were identical in all important

respects to a companion ISI experiment used to test hu-
man subjects (Wright et al., 1990).

In Experiment 1, the monkeys were tested for the ISI
effect with 6-item and 10-item lists over a range of .08—
4 sec. In Experiment 2, the monkeys were tested with a
different experimental strategy for detecting the presence
of rehearsal processes inmonkeys. The strategy was simi-
lar to one developed and used previously for testing re-
hearsal in humans by using predictable and unpredictable
arrangements of the ISIs (Proctor, 1983).

EXPERIMENT 1

Experiment 1 involved the SPR list memory procedure.
In this SPR task, a list of pictures was presented sequen-
tially to the subject. After the list, a test or probe item
was presented. The subject then moved a response lever
to indicate whether the probe item was in the list (a same
response) or not in the list (adifferent response). Correct
choices were rewarded with food or juice.

In this list memory experiment, monkey perceptual en-
coding processes, as measured by changes in accuracy
as a function of item viewing time, were directly com-
pared with potential rehearsal processes, as measured by
changes in accuracy as a function of ISI. Five durations
(.08, .5, 1, 2, and 4 sec) of viewing time and ISI were
varied independently, using lists that were 6 or 10 items
in length. The 6-item list test phase was identical to a
previous experiment done with human subjects (Wright
et al., 1990), which allowed the comparison of the two
species in the same procedure. A test with 10-item lists
was also conducted inorder to increase memory load and
createconditions in which the use of rehearsal by the mon-
keys might be more advantageous for maintaining high
levels of accuracy.

Method
Subjects

The subjects were 2 highly experienced rhesus monkeys (Macaca
mulatta), Oscar and Felix, previously trained in the SPR task (Sands
et aL, 1984; Sands & Wright, 1980a, 1980b, 1982; Wright et a!.,
1984). The monkeys had restricted access to food and water for
18 h before each session. Supplemental food and water were given
approximately 6 h after each session. Sessions were conducted 5
days per week.

Apparatus
The monkeys were tested unrestrained in an aluminum primate

cage (62 x62 x92 cm). The animals indicated their choices with
a three-position T response lever located at the front center of the
cage. Two high-speed Super 8-mm film projectors (Bessler Cue/See)
projected the stimuli onto the display screens. Two rear-projected
display screens, (18 cm wide X 12 cm high) arranged one above
the other and 16 cm apart (center to center), were mounted onto
a matte-black plywood panel (77 cm wide x 182 cm high) located
61 cm in front of the cage. The projectors were located 60 cmbe-
hind the screens. Sequences of picture stimuli (described below)
were made by filming 35-mm slides with a Super 8-mm movie
camera. The pictures in the film sequence alternated with dark
frames, which functioned as shutters controlling stimulus onset and
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offset. These stimulus sequences could be shown at a peakrate of
one frame every .08 ±.01 sec (calibrated directly from the display
screens with a photo-sensitive diode and oscilloscope). A micro-
computer (Cromemco Z-2D) controlled and recorded all expenmen-
tal events.

Procedure
Serial probe recognition task. Trials began with a ready signal

(5-Hz pulse rate clicker). The clicker was presented until the mon-
key pressed the lever down, beginning the presentation of the list
items. The list items appeared sequentially on the upper display
screen (details of viewing time and 1ST manipulations are given be-
low). Following the last list item, a 1-sec retention intervalpreceded
the presentation of theprobe test item on the lower display screen.
The probe item remained on for 4 sec or until a right- or left-lever
response was recorded. Moving the lever to the right indicated a
same response, and moving the lever to the left indicated a different
response. A same response was correct when the probe item matched
any one of the list items. A different response was correct when
the probe item was not in the list. Correct responses were rewarded
with either a 1-g banana pellet (Noyes) or a 5-cc squirt of orange
drink (Tang), with the particular reward determinedpseudorandomly
on each trial. Incorrect responses produced a 10-sec time-out, ac-
companied by the illumination of a bright overhead houselight. A
4-sec interval separated trials.

Three 192-trial ifim sequences were made for the 6-item list tests.
Each sequence consisted of 96 same trials and 96 different trials.
Each of these trials had a list length of6 items. The list and probe
items of each trial were selected from a set of 32 color pictures
of natural andman-made objects (landscapes, flowers, people, fruits,
animals, toys, keys, watches, trees, boats, and cars). Within each
film sequence, each item appeared 36 times as a list item and 6
times as a probe item (3 times on same trials and 3 times on differ-
ent trials). The ordering of the same and different trials and the
pictures constituting these trials were randomized in each sequence.
The serial positions tested and the serial positionsof each item were
equated to the degree permitted by the constraints of the procedure.

Preparatory training for fast list-presentationrates. The mon-
keys had had considerable previous experience in the SPR task and
needed no training in the basic task. Because the planned rates for
presenting list stimuli were faster than those to which the monkeys
were accustomed, the list-presentation ratewas gradually increased
prior to the experiments. This rate-habituation training lasted 50
sessions and employed all three6-item film sequences in a pseudo-
random order across sessions.

Rate-habituation training began with an item viewing time of 2 sec
and an ISI of .08 sec. The viewing time per item was then gradually
reduced across sessions. The viewing time for each monkey’s daily
session was adjusted to keep overall accuracy at 70% correct or
better. At the end of training, the monkeys were consistently above
70% correct with a .08-sec viewing time per item and a .08-sec
1ST between items. In the next 16 training sessions, ISIsof .08 and
1 sec were used with a viewing time of .08 sec. Following this
preparatory training, the main experiments reported below were
begun. Because one film sequence advanced unreliably, only two
of the three 6-item film sequences were subsequently used.

Viewing time and IS! testing with 6-item lists. Five viewing
times and ISIs were tested: .08, .5, 1, 2, and 4 sec. In each ses-
sion, one of these five durations was pseudorandomly selected and
tested in conjunction with a .08-sec duration. These two durations
were then pseudorandomly assigned as the viewing time and ISI
for the first half of the 192 daily trials, and then reversed for the
second half of the trials. For example, during testing with the 1-sec
duration as a viewing time first in a session, the first 96 trials had
a viewing time of 1 sec and an 1ST of .08 sec, whereas the last 96
trials had an 1ST of 1 sec and a viewing time of .08 sec. This equated
the total list-presentation time for every trial in a session. Whether

viewing time or 1ST was held at .08 sec during the first 96 trials
was counterbalanced across blocks. Each of the five durations was
tested twice, once with each film sequence, over 10 daily sessions.

Item-memorization tests. Since slide projectors couldnot be used
with the fast presentation rates employed in this experiment, it was
impractical to vary the sequences and trial composition of the pic-
tures on a regular basis. It seemedunlikely that the monkeyscould
have learned anything about the order of the trials and stimuli,
however, given the comparatively small set of pictures (32) and
their extensive repetition over the large number of trials (384).
Nevertheless, the possibility that responses to individual pictures
had beenmemorizedor that the sequence of trials had beenmemo-
rized was examined. This was done with special tests in which the
relational information provided by the list and probe items was elimi-
nated, thereby leaving only memorized responses to guide perfor-
mance. In other circumstances, these tests have reliably detected
such memorization (Wright, Cook, & Kendrick, 1989). In the list-
only test, the probe items for each trial were replaced with a blank
white illumination of the lower screen, whereas in the probe-only
test, the list items were replaced with a blank white illumination
of the upper viewing screen (see Wright et al., 1989, for details).
Trials were otherwise normally conducted, except for the use of
these blankreplacement “items.” The six list stimuli were displayed
for 1 sec each, with an 1ST of .08 sec between items. These tests
were conducted at the end of the 6-item list experiments, to exam-
ine the most frequently seen of the two film sequences (54 total
sessions at that point). Since the earliest trials of a sequence were
the most likely to be memorized, only the first 96 trials were ex-
amined in order to provide the most sensitive test. Testing was con-
ducted over 4 days. Day 1 consisted of a 96-trial baseline session
with both list and probe items presented; on Day 2, we tested for
control by probe test items (probe-only test); on Day 3, we tested
for control by list items (list-only test); and on Day 4, we tested
with a second 96-trial baseline session.

These tests showed that the monkeys had not memorizedcorrect
responses to specific items of the film sequence. Average accuracy
for the 2 monkeyson the baseline tests was 69% correct. Average
accuracy for the 2 monkeyson the probe-only test was54.5% (Felix,
55%; Oscar, 54%), and on the list-only test, it was 52.5% (Felix,
47%; Oscar, 58%)—values not different from those expected by
chance. This conclusion was further supported by the immediate
transfer of the monkeys’ SPR performance upon introduction of
the 10-item list sequences, which were composed from an entirely
new set of 32 pictures.

Viewing time and IS! testing with 10-item lists. In the 10-item
phase of the experiment, the number of items in the list was in-
creased to 10. Two new film sequences containing 128 trials (64
same and 64 different trials) were made from a completely new set
of 32 color pictures of natural and man-made objects. Each item
was presented 40 times as a list item and 4 times as a probe item
(2 same and 2 different trials). The same durations were tested (.08,
.5, 1, 2, and 4 sec), and the organization ofeach session with regard
to the testing of viewing time and 1ST was the same as in the 6-item
test. The experiment consisted of four five-session blocks. Each
duration was tested once in each block, with the film sequences
tested equally often with all durations over the four blocks.

Results
Testing with 6-item lists. Mean choice accuracy as a

function of viewing time and ISI for the 6-item list test
is displayed in Figure 1. Overall, increases in the length
of the ISI decreased choice accuracy, whereas increases
in the length of the viewing time increased choice ac-
curacy. In a three-way analysis of variance (ANOVA),
the percentage correct from each monkey’s test sessions
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Figure 1. Mean percentage correct for both monkeys as a function of viewing time
and IS! duration when tested with 6-item lists. Error bars represent the standard
error of the means.

was used to examine the influence of interval type (view-
ing time vs. ISI), duration, and subject. Oscar was more
accurate than Felix at the SPR task (82.5% vs. 70.7%),
and this was confirmed by a significant main effectof sub-
ject [F(l,20) = 78.4, p < .001]. More importantly, no
significant higher order interactions were found between
subject and the duration, interval type, or duration X in-
terval type terms of this analysis, indicating that both mon-
keys responded similarly to the manipulations.

There was a significant interaction [F(4,20) = 4.2, p <
.013] between interval type and duration. As can be seen
in Figure 1, this interaction appears to be due to the in-
creased accuracy with longer viewing times and the de-
creased accuracy with longer ISIs. Linear and quadratic
trend analyses (Keppel, 1973) were conducted separately
on the viewing time and ISI data inorder to examine their
form more closely. These analyses for trends showed that
the changes in accuracy across duration for viewing time
were significantly linear [F(l,l0) = 8.5, p < .02]. The
quadratic test for the viewing time function was also close
to significance [F(l,l0) = 4.2,p = .066]. The latter re-
sult appears to be due to the slight reduction in accuracy
that occurred with the 4-sec viewing time. The trend anal-
yses of the ISI function also revealeda significantly linear
trend across durations [F(l,l0) = S.8,p < .04]. These
separate linear trends reflect the opposing influences that
longer viewing time and ISI had on choice accuracy. The
nonequivalent effects of viewing timeand ISI on list mem-
ory are further indicated by the increasing difference scores
between these conditions over the five durations: 2.6%,
8.9%, 5.7%, 13.8%, and 18.8%, respectively (scores gen-
erated by subtracting accuracy between the comparable
viewing time and ISI conditions of each session).

We also examined choice accuracy as a function of an
item’s serial position within the list. A four-way ANOVA

(serial position of probe within the list x duration X in-
terval type x subject) was used to compare the respond-
ing on same trials (serial position effects cannot be evalu-
ated fordifferent trials). Again the 2 monkeys performed
in a similar manner. The only significant interaction with
subjects occurred with list serial position [serial position
x subject, F(5,194) = 2.84, p < .01]. This interaction
was due to Felix’s being more accurate than Oscar in tests
of later list items than in tests of earlier items.

Of more interest was the significant interaction between
serial position and duration [F(20, 194) = 1.68, p =

.038]. This interaction is displayed in Figure 2. At the

.08-sec duration, list serial position had apparently no in-
fluence on responding. At the .5-sec duration, the serial
position function was U-shaped. At the three longer du-
rations (1, 2, and 4 sec), same responding monotonically
increased with successive serial position in the list.

Linear and quadratic trend analyses were conducted to
evaluate the form of these serial position functions. In these
analyses, combined data from the viewing time and ISI con-
ditions were used, since there were no significant interac-
tions involving these conditions in the prior ANOVA.
There were no systematic trends in responding across serial
position at the .08-sec duration [Fs( 1,36) < 1]. The
U-shaped nature of the serial position function for the
.5-sec conditionwas confirmed by a significant quadratic
trendcomponent[F(1,36) = 7.O,p < .01]. Forthe three
longer durations, the increasing percentage of same
responses across serial positions was confirmed by the
significant linear changes for all threedurations [F(1 ,36)
= 18.9,p < .001,forl see; F(1,36) = l’l.l,p < .002,
for 2 sec; F(l,36) = 5.0, p < .03, for 4 sec].
Testing with 10-item lists. Mean choice accuracy as

a function of viewing time and ISI for the 10-item list test
is displayed in Figure 3. The outcome of this test was very
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Figure 2. Mean percentage of same responses for both monkeys as a function of
list serial position for the6-item list phase. Conditions are grouped according to trend
analyses described in text.

similar to that observed with 6-item lists. Increasing view-
ing time improved choice accuracy, whereas increasing
ISI reduced choice accuracy. A three-way ANOVA of
choice accuracy, with the factors interval type (viewing
time vs. ISI) x duration x subject, yielded no signifi-
cant interactions between the subject term and the ex-
perimental manipulations. Once again, both monkeys re-
sponded in a similar manner during the tests, although
Oscar continued to be more accurate than Felix [F( 1,60)
= 4.7, p < .04].

Interval type significantly influenced choice accuracy
[F(l,60) = 25.2,p < .001], withtheviewingtimecon-
ditions (71.6%) supporting higher accuracy than that sup-

H
U

a:
a:
0
U
H
z
U
a:

80

70-i-

60-

ported by the ISI conditions (64.2%). The interaction be-
tween interval type and duration was not significant in
the 10-item test [F(4,60) = 1.14, p > .30]. Further tests
suggested, however, that the significantly higher accuracy
in the viewing time condition was confined to the longer
durations. Separate tests on each duration revealedno sig-
nificant differences in accuracy between the viewing time
and IS! conditions at the two shortest durations [.08 sec,
F(1,12) = 1.4; .5 sec, F(1,12) = 1.0; allps > .25], but
at the three longest durations, the monkeys were signifi-
cantly more accurate in the viewing time conditions [1 see,
F(I,l2) = 5.7;2 see, F(l,12) = 20.4;4 sec,F(l,12) =
9.8; all ps < .05]. The increasing difference scores for
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Figure 4. Mean percentage of same responses for both monkeys as a function of list
serial position for the 10-item list phase for short, intermediate, and long durations.
Error bars represent the standard error of the means.

the two conditions also suggestsa divergence with longer
durations (3.2%, 4.1%, 8.5%, 9.8%, and 10.7%, respec-
tively).

Again, trend analyses were conducted separately on the
viewing time and ISI data to examine their exact form.
These analyses yielded a significantly linear trend in ac-
curacy acrossthe first four viewing times [F(1 ,24) = 5.2,
p < .03]. The quadratic test for all five durations neared
significance [F(1,30) = 2.9,p = .096]. The trend anal-
yses of the ISI function revealedno significant trend across
duration [linear contrast, F(1,30) = 2.4, p = .121.

The serial position functions from the 10-item list test
are shown in Figure 4. Responses were combined into
five serial position pairs (1 and 2, 3 and 4, 5 and 6, 7
and 8, 9 and 10) for analyses and are displayed only for
the short (.08-see), intermediate (1-see), and long (4-see)
durations. The probability of responding same decreased
significantly more quickly for early list items than for later
items across duration, as was confirmed by a significant
duration X serial position interaction [F(16,356) = 1.8,
p < .04] in a four-way ANOVA (serial position x du-
ration x interval type x subjects). The only other reli-
able interaction with serial position occurred with sub-
jects[F(4,356) = 4.6,p < .01]. As with the 6-item lists,
this was again due to Felix’s more pronounced recency
effect, butotherwise the subjects term did not interact with
any other factor.

Trend analyses [dfs F(1 ,74), level of significance set
at p < .051 revealed a significant quadratic component
for the .08-sec duration. For the 1-sec condition, a sig-
nificant linear component was revealed and the quadratic
component approached significance (p < .08). For the
2- and 4-sec durations, only the linear component was sig-
nificant. Note also that the percentage of same responses
drops below 50% for the earliest items during the 4-sec

duration conditions. This suggests that the monkeys had
completely forgotten these items, and that they responded
to probes of these early list items as if they constituted
different trials.

Combined analyses of the 6- and 10-item tests. Be-
cause the 6-item and 10-item testing procedures were alike
and the pattern of results similar, we also ran an analysis
of the two sets of data combined. The number of obser-
vations from each experiment were equated for this anal-
ysis by regrouping the four blocks of the 10-item test into
two. A four-way ANOVA (interval type x duration x
list length x subject) revealed a significant interaction of
interval type and duration [F(4,57) = 4.3, p < .005].
Viewing time increased accuracy [F(4,24) = 2.88, p <
.0441, whereas ISI decreased accuracy [F(4,24) = 3.3,
p < .026]. T tests in which all observations from both
tests were used to compare accuracy in the .08-sec con-
dition with accuracy in the 4-sec condition showed that
each monkey’s accuracy was significantly poorer in the
longer ISI condition (Felix, t(5) = 2.8, p < .05; Oscar,
t(5) = 2.7, p = .05). Accuracy was higher with 6-item
lists than with 10-items [F(1,57) = ~78.9,p < .001], and
Oscar was more accurate than Felix [F(l,57) = 59.1,
p < .001].

Discussion

In consistency with results from human subjects, the
monkeys responded more accurately as the viewing time
for the list items increased. Contrary to human subjects,
the monkeys generally responded less accurately as the
ISI between the list items was lengthened. The absence
of any improvement in accuracy as ISI increased argues
against the idea that the monkeys were rehearsing or fur-
ther encoding list information during the time between
items. The results instead suggest that the encoding of list

•—• .08 SEC
A—A 1 SEC
U—S 4 SEC
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items occurred only when the stimuli were present and
stopped when they were removed (see also Roberts &
Kraemer, 1984). During the ISIs, forgetting of the items
becomes a factor, especially for those presented early in
the list, and it results in lowered performance with long
ISIs.

The integration of the present ISI results with those
previously reported (Roberts & Kraemer, 1984; Sands
et al., 1984) suggests that the effects of ISI on monkey
list memory are best summarized as follows: ISIs of 1 sec
or less have little or no detectable influence on accuracy,
whereas ISIs of 1 sec or longer have a detrimental in-
fluence on list memory in monkeys. Thus, the moderately
contrasting results of Sands et al. (1984) and Roberts and
Kraemer (1984) were apparently due to the range of values
each tested. In these current tests, the monkeys tested by
Sandset al. (1984) showed little effect over the ISI dura-
tions most similar to those of their previous test, but when
they were tested with longer ISIs, their accuracy declined,
like that of Roberts and Kraemer’s monkeys.

In the 6-and 10-item list phases, the 32 stimuliof each
test were presented many times within each daily session.
Such high rates of item repetition tend to create consider-
able proactive interference (Wright, Urcuioli, & Sands,
1986). We thought that perhaps this buildup of proactive
interference over trials might have made the rehearsal of
the current trial’s items eventually toodifficult. As a con-
sequence, we briefly conducted a further testwith a film
sequence in which the list stimuli were repeated only twice
within each session. Such conditions should have reduced
proactive interference (Overman & Doty, 1980; Sands &
Wright, 1980a, 1980b; Wright et al., 1986) and thereby
might have allowed the monkeys to benefit from ISI re-
hearsal more easily. The results with this list were simi-
lar to those found with the 6- and 10-item lists. There was
no benefit of increasing ISI, and the monkeys were sig-
nificantly more accurate in the longer viewing time con-
ditions.

In summary, Experiment 1 expands and augments the
results of Sands et al., (1984) and clarifies their relation
to those of Roberts and Kraemer (1984). We found that
in testing conditions designed to detect and promote re-
hearsal, neither ofour 2 monkeys, including 1 previously
suspected of rehearsing in the SPR task, demonstrated any
positive benefit of ISI.

EXPERIMENT 2

The ISI procedure appears to consistently fail in provid-
ing evidence of rehearsal-like processes in nonhuman pri-
mates. The force of this conclusion is increased by the
growing number and range of conditions that have failed
to yield any positive ISI effects in monkeys. As a conse-
quence, in Experiment 2 we tried a new strategy in a con-
tinued effort to detect rehearsal-like processes inmonkeys.

Proctor (1983, 1985) has presented evidence that hu-
mans abandon their poststimulus rehearsal strategies when
tested with ISIs of inconsistent or unpredictable lengths.

He conjectured that the rehearsal of old itemsand the en-
coding of unpredictably presented new items interfere with
one another, and that, as a consequence, human subjects
choose not to rehearse item information when ISIs are
unpredictable.

Likewise, monkeys might also encounter interference
between the encoding of unpredictably timed list stimuli
and their subsequent rehearsal. If so, and if the monkeys
were capable of some degree of rehearsal during evenly
spaced ISIs, choice accuracy should be reduced for lists
presented with variable and unpredictable ISIs in com-
parison with lists having uniform and predictable ISIs.
If, on the other hand, monkeys were not rehearsing list
items, the arrangement of the ISIs should have little im-
pact on accuracy.

In Experiment 2, we therefore compared two list
presentation conditions differing in the relative predict-
ability of their ISIs. In the unpredictable or random con-
dition, five different ISIs (.08, .5, 1, 2, and 4 see) were
inserted at random among the six items of each trial. The
result of this arrangement of the ISIs was an irregular,
“herky jerky” paced presentation of the list items that
changed with every trial. In the predictable or uniform
condition, the average of these five durations (1.516 see)
separated the list items. This uniform interval produced
an evenly paced presentation of the list items.

Method
Subjects and Apparatus

The subjects, apparatus, and stimuli were the same as those for
the 6-item list tests in Experiment 1.

Procedure
Each test session consisted of 192 trials. The viewing time for

each of the six list items was .08 sec. All other parameters were
the same as in Experiment 1, except for the arrangementofthe ISIs.
In the uniform presentation condition, the items of the list were
separated by 1.516 sec. In the random presentation condition, five
different ISIs were used to separate the items of each list: .08, .5,
1, 2, and 4 sec. These five durations were randomly inserted among
the six list items. The ordering of these durations within a list was
randomized for every trial.

Each session was divided into two halves. In the first 96 trials,
one type of ISI presentation condition was tested; in the remaining
96 trials, the other condition was tested. The order in which the
two conditions were tested alternated daily. One of the 6-item film
sequences of Experiment 1 was used for the 10 sessions of Ex-
periment 2.

Results
Overallchoice accuracy in the random presentation con-

dition was virtually identical to that in the uniform presen-
tation condition. The means for each conditionand mon-
key are presented in Table 1. A two-way ANOVA with
presentation condition (random vs. uniform) and subject
as factors was carried out on accuracy scores for each
of the 10 test sessions; there was neithera significant ef-
fect of presentation condition nor an interaction with sub-
jects. Oscar was more accurate overall than Felix [F(l ,36)
= 15, p < .0011. Additional t tests in which accuracy
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Percentage Corr
Table 1

ect for Uniform and
in Experiment 2

Random

Random Conditions

Uniform
Oscar 69.5 73.5
Felix 65.5 64.1
M 67.5 68.8

on the random list was compared with accuracy on the
uniform list for each individual monkey also revealed no
significant differences between the two conditions.

Discussion
In Experiment 2, unpredictable ISIs did not reduceac-

curacy, relative to predictable ISIs. These results further
argue that monkeys do not rehearse list items during ISIs.
The presence of such rehearsal processes would havebeen
indicated by poorer accuracy in the random ISI condition,
since it presumably prevents or disrupts such processes
(Proctor, 1983, 1985). Instead the monkeys immediately
transferred to the random ISI condition upon its introduc-
tion and showed no measurable decrement in accuracy
in this condition. Considering the 10 years of SPRtrain-
ing and testing that these monkeys had previously received
with orderly and evenly spaced list presentation, the
present results are even more remarkable.

Watkins (1985), in reaction to Proctor’s idea, has ar-
gued that humans can redistribute their rehearsal efforts
to long ISIs inorder to optimize list processing when faced
with unpredictable ISIs. Such a mechanism could effec-
tively reduce any difference between random and uniform
presentation inhumans. Such an explanation for the equiv-
alence of random and uniform conditions in the present
experiment, however, requires not only that monkeys re-
hearse during ISIs, but also that they cancontrol and redis-
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tribute this rehearsal. In the attempt to account for equal
levels of accuracy in the presentexperiment, it seems sim-
pler to assume the absence of any rehearsal processes in
our animals.

GENERAL DISCUSSION

Experiments 1 and 2 provide convergingevidence that
rhesus monkeys do not engage in the rehearsal of sequen-
tially presented pictorial items. In Experiment 1, accuracy
increased with increased viewing time; but unlike hu-
mans’, the monkeys’ accuracy did not improve, and gen-
erally decreased, with longer ISIs. This pattern of results
strongly suggests that list encoding processes operate only
during stimulus exposure. In Experiment 2, there was no
reduction in accuracy whenunpredictable ISIs separated
the list items, further supporting the hypothesis that
rehearsal-like processes were not used in these experi-
ments. Both results are different from those obtained with
humans. Consequently, these results suggest an impor-
tant qualitative difference in the visual working memory
mechanisms of the two species.

This differential effect of ISI in monkeys and humans
can be compared even more directly. Wright et al. (1990)
have demonstratedpositive ISI in humans tested with the
same stimuli, list length, and sequence of trials used for
the monkeys in the 6-item test of this article (a few pro-
cedural differences existed; the human subjects rested the
response lever on their laps, were instructed on its ma-
nipulation, and were rewarded with a tone for correct re-
sponses). Figure 5 illustrates the ISI results from their hu-
man subjects and from our monkeys in the identical ISI
conditions (.08, 1, and 4 see) tested with 6-item lists. The
humans demonstratedthe positive processing benefits of
longer ISIs, showing that these proceduresand stimuli can
indeed produce a robust ISI effect in humans. It is im-

DURATION (SEC)

Figure 5. Mean percentage correct for both monkeys from the 6-item list phase
and for 9 humans testedwith the same procedureby Wright et al. (1990). Errorbars
represent the standard error of the means.

HUMAN ISI

MONKEY ISI

0 1 2 3 4
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portant to note in Figure 5 that for the condition in which
viewing time and ISI were both .08 see, there was no
difference in choice accuracy between the monkeys and
humans. Such direct humanlanimal equivalence in almost
identical testing conditicfris is rare, and it establishes a
comparable starting point. Hence the subsequent diver-
gence at longer ISIs seems truly to reflect a qualitative
processing difference between the species, and it is not
a generalized deficit on the part of the monkeys in the
specific task. These monkeys can perform as well as hu-
man subjects in the SPRtask, but only when the require-
ments for rehearsal are minimal.

The present experiments, along with those of Roberts
and Kraemer (1984) and Sands et al. (1984), represent
a substantial effort in a search for poststimulus rehearsal
mechanisms in nonhuman primates. What is increasingly
clear is that in these memory-testing situations in which
humans spontaneously rehearse, monkeys do not. Each
attempt to identify rehearsal mechanisms in monkeys has
resulted in outcomes that are qualitatively different from
those obtained with humans. Several conclusions could
follow from such results: (1) Monkeys may be incapable
of rehearsing; (2) they may have to be instructed or
prompted as to when or how to rehearse (frequently true
for humans and a potentially important factor); or (3) they
may not rehearse information in this context, but might
do so in more natural contexts, such as social, sexual,
or aggressive encounters. It is possible that the represen-
tational processes of the monkeys are specifically attuned
to the processing of specific aspects of their environment,
such as the social behavior of other monkeys (Cheney &
Seyfarth, 1985). Thus, sexual or aggressive encounters
might promote rehearsal in a way in which our nonsocial
pictorial stimuli did not. Although such possibilities re-
main to be examined, at the moment, the evidence sug-
gests that rehearsal-like processes are absent inmonkeys.

Implications for theories of memory and the primacy
effect. Considerable evidence indicates the existence of
two (or possibly more) different human memory pro-
cesses. One process appears tobe associated with primary
memory or items contributing to the recency effect, and
the other with secondary memory or the prerecency items
contributing to the primacy effect (see, e.g., Crowder,
1976; Glanzer, 1972; Tulving, 1985). Interest in this
process separation appears to be growing (see, e.g.,
Sherry & Schacter, 1987; Squire, 1987; Tulving, 1987;
Weiskrantz, 1987).

Many animals also appear to have dual memory pro-
cesses. A similar division for animals is encouraged by
several piecesof evidence. The first is the U-shaped serial
position functions for apes (Buchanan, Gill, & Braggio,
1981), monkeys (Sands & Wright, 198Oa, 1980b; Roberts
& Kraemer, 1981; Wright et al., 1984; Wright et al.,
1985), pigeons (Santiago & Wright, 1984; Wright et al.,
1985), and rats (Bolhuis & van Kampen, 1988; Kesner
& Novak, 1982) in list memory tasks. The second is the

selective removal of the primacy effect by hippocampal
lesions (Kesner, 1985; Kesner & Novak, 1982). The third
is the differential effect of retention interval manipula-
tions on primacy and recency effects that are qualitatively
similar in pigeons, monkeys, and humans (Wright et al.,
1985; cf. Tulving, 1987). Finally, there is similar
secondary-memory locus for build up and release from
proactive interference effects for rhesus monkeys (Jit-
sumori et al., 1989) and humans (Craik & Birtwistle,
1971; Stern, 1985; Wickens, Moody, & Dow, 1981).

In several theories, it has been hypothesized that re-
hearsal is the critical mechanism that connects these two
memory processes (Atkinson & Shiffrmn, 1968; Waugh
& Norman, 1965). Rehearsal transfers items from a
limited capacity short-term store to a long-term store. Ac-
cording to these theories, the additional rehearsal that is
possible for the initial items of a list produces the primacy
effect in the serial position function of list memory tasks
(Rundus, 1971; Rundus & Atkinson, 1970).

Yet although it is clear that rehearsal improves memory
in humans, the present experiments and a related set of
experiments (Wright et al., 1990) offer a strong case
against rehearsal’s being a necessary condition for the
production of the primacy effect. First, the monkeys
showed no evidence of rehearsal, as measured by accuracy
changes with ISI, yet some of the serial position func-
tions showed primacy effects. In other experiments with
monkeys, very clear primacy effects have been found in
testing situations similar to those reported in this article
(Roberts & Kraemer, 1981; Sands & Wright, l980a,
1980b; Wright et al., 1985). The high similarity between
the various procedures reduces the likelihood that rehear-
sal was present in those experiments either. Furthermore,
a companion series ofexperiments in which Wright et al.
(1990) examined the relation between ISI and human re-
hearsal yielded prominent primacy effects in several con-
ditions with humans, but they also yielded no statistical
effects of ISI and no evidence of rehearsal when subjects
were subsequently interviewed. Such evidence suggests
that rehearsal is not a necessary condition for the produc-
tion of the primacy effect. Of course, such a conclusion
still leaves unanswered the question of what produces the
primacy effect.

In summary, the results of many recent experiments sug-
gest that the visual working memory processes inhumans
and monkeys share many common properties and, by im-
plication, common mechanisms (Herzog et al., 1977; Jit-
sumori et al., 1989; Roberts & Kraemer, 1981, 1984;
Sands & Wright, 198Oa, l980b, 1982; Wright et al.,
1985). The results of the present experiments differ from
this, now almost typical, pattern. When tested in condi-
tions designed to detect the use of rehearsal-like mecha-
nisms, the monkeys consistently produced results different
from those obtained with humans. If these differences in
the effects of ISI accurately reflect the nature of poststimu-
lus rehearsal processes in monkeys and humans, they
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represent an important qualitative difference between the
visual working memory mechanisms of the two species.
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NOTES

I. These values are transformations ofthose reported by Intraub (1980),
making them comparable to those reported in this article.
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